Weinvestigated five cases with cerebrotendinous xanthomatosis (CTX) with particular reference to biochemical and pathological pulmonary disorders. To date, few reports discuss the pathophysiology of pulmonary disorders of CTXpatients. This study is the first investigation of such pulmonary disorders. All 5 patients had no pulmonary symptoms and no disturbances on radiological studies and pulmonary function tests. However, in bronchoalveolar lavage (BAL) fluids, many cells with cruciform reflexes, which is characteristic of intracellular sterol accumulation, were found under phase contrast microscopy. Biochemically, cholestanol was found to be increased in the BALfluid as well as in serum. Pathological findings oftransbronchial lung biopsy (TBLB) samples disclosed foamy macrophages and small granulomas in alveolar septa. In conclusion, the lung was apparently involved in CTX, and the lesions were characterized with the accumulation offoamy and giant cells with a high concentration ofcholestanol, which likely results in the formation of foreign body granulomas. (Internal Medicine 37: 922-926, 1998) 
Introduction
Cerebrotendinous xanthomatosis (CTX)is a rare inherited disease associated with accumulation of cholesterol and cholestanol in various tissues, especially in xanthomas and the nervous system. The underlying biochemical defect is a deficiency of hepatic mitochondrial C27-steroid-27-hydroxylase which is involved in the biosynthesis of bile acids. This disturbance results in the reduced production of bile acids and in increased formation of intermediates of bile acids biosynthesis. In addition, through a decreased negative feedback regulation, the reduced bile acid pool depresses cholesterol 7a-hydroxylase and 3-hydroxy-3-methylglutaryl CoA (HMG-CoA) reductase.
As a result, these enzyme activities are increased, resulting in
( 1) the accumulation of bile acid precursors, such as cholestanol and various kinds of bile alcohols, and (2) the enhancement of cholesterol synthesis (1) .
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The patients manifest premature cataracts, tuberous and tendons xanthomas, various neurological symptomsincluding dementia, spastic paraparesis , cerebellar ataxia, and early atherosclerosis. More than 150 patients have been reported since the first case described by Van Bogaert et al (1) (2) (3) . The radiological findings of the chest were described such as diffuse interstitial shadows in only 9 cases (3-12), and the pathological findings of the lung have been reported in an autopsied case (13). In the present study of 5 patients, pulmonary investigations were carried out in order to detect and characterize the involvement of the lung in CTX.
Patients
Case 1 (K. M., a 35-year-old male) was healthy at birth and had a normal development until age 23 when he experienced pain and swelling of both Achilles tendons on walking. The swollen tendons removed age 27. Pathological examination of the tendon revealed xanthomatous growths consisting of many foamycells with deposits of cholesterol crystal. He noticed similar subcutaneous swelling on the knees and elbows, and developed a gait disturbance. His parents were first cousins. On general physical examination at age 35, he was slender, weighting 65.7 kg and 162 cm tall. There were bilateral swellings of Achilles tendons. There were no remarkablefindings on examination of chest and abdomen. His mental abilities were dull, and his IQ (intelligence quotient) was 82. Eye examination showed bilateral cataracts. There was slight cerebellar ataxia in the Pulmonary Manifestation were increased with pathological reflexes. Routine hematological studies, urinalysis, serum proteins, urea nitrogen, uric acid, serum creatine and creatinine, serum electrolytes, fasting blood sugar, serumenzymes,and serologic reactions werenormal or negative in liver, renal and thyroid function tests. The clinical and biochemical details of Case 2 (Y. K., a 40-year-old male), Case 3 (K. S., a 37-year-oldmale), Case4 (S. S., a51-year-old male), and Case 5 (Y. S., 38-year-old male) were previously reported (2, 3). Table 1 shows the clinical characteristics of the 5 patients with CTX. None of the patients complained of pulmonary symptoms. Two patients had a smoking history (Case 2: 20 cigarettes per day for 13 years and Case 5: 10 cigarettes per day for 15 years). Patients or their relatives gave informed consent for the study.
Methods
Chest roentgenogram and computed tomography (CT), pulmonaryfunction test Roentgenograms (posterior-anterior, lateral) and CTscans (TCT, 900S, TOSHIBA)of chest were obtained in all five patients, at slice thicknesses of 10mm. Pulmonary function test was also estimated in four patients by using a spirometer and a pneumotachygraph. These values were corrected for body temp erature. Bronchoalveolar lavage (BAL) BAL was performed in all five patients with CTX. Bronchofiberscope was wedged into a subsegment of the right middle lobe, which was carefully lavaged by instillation and immediate withdrawal through hand suction of four 40 ml boluses of 0.9% saline. The recovered lavage fluids were filtered through gauze and the total cell numbers ofunfractionated BALfluids were counted using a hemocytometercounting chamber. Cell spreads prepared by cytocentrifugation were stained with Light-Giemza. BALfluids were divided into cell segments and supernatant fluids, and stored at -70°C until biochemical analysis.
Transbronchial lung biopsy (TBLB) TBLBwas performed in four patients (Cases 1, 2, 3, and 5). A flexible biopsy forceps was passed distally to within 1-2 cm of visceral pleura, and then the biopsy specimens were obtained under fluoroscopic guidance. Several specimens were obtained from some lobes within a single lung.
Cholesterol and cholestanol contents 
Results

Chest roentgenogram, CTand pulmonary functions
There were no remarkable findings on chest roentgenogram and CT in all five cases. On pulmonary function tests, %vital capacity and forced expiratory volume % in one second were normal in all four patients examined (Table 2) . Arterial blood gas wasalso normalin all cases.
Cells In BAL fluid (Table 3) Total cell counts in the BALfluids were increased in Case 1. The percentage distribution of lymphocytes and neutrophils was slightly to moderately increased in all patients, compared with healthy normal controls (1 1 males, including 5 smokers). Especially in Case 1 , neutrophils were markedly increased. We analyzed the association between these two groups using stu- Sterols in BALfluid (Table 4) All patients showed marked increases of the serum cholestanol levels and the ratios of cholestanol/cholesterol. These constituted the basis of the diagnosis ofCTX. Cholestanol of the cells in BALfluid was not detected in normal controls (n=2). In all patients with CTX, cholestanol levels were apparently increased, and the ratios of cholestanol/cholesterol were similar to those in the serum. Weanalyzed the association between these two groups using student' s t-test and Mann-Whitney test.
Morphological studies of cells in BALfluid and TBLB Under phase contrast microscopy, manyof the unstained cells showed cruciform reflexes which were characteristic of intracellular sterol accumulation (Fig. 1) .
TBLB specimens from Cases 1, 3 and 5 (Table 5) , showed foamy cells and foreign body giant cells accumulated in the alveolar spaces and septa and bronchial epithelium ( Fig. 2A) . Furthermore, small granulomas with needleshaped cleft were observed in the alveolar septa (Fig. 2B) . In Case 4, the specimen showedno abnormal findings.
Discussion
CTXis a rare inherited disease associated with sterol accumulation in various tissues. The present study revealed that the pathological lesions with intracellular sterol accumulation apparently occurs in the pulmonary tissues of CTX. Radiological findings of the lung have been previously described (4-12). They included bilateral diffuse nodular, miliary, or infiltrated shadows (4-6, 9, 10, 12), flbrotic or pneumopathic shadows (4, 7), and pleural tumor shadows ( 1 1 severe tissue destruction (16). The morphological findings found in patients with CTXstrongly suggested the formation process of foreign body granuloma. These small granulomas were detected in the lung only. Many cells in BALfluids showed cruciform reflexes, suggesting the intracellular accumulation of sterols. In fact, cholestanol as markedly accumulated in the cells of BALfluids. Neutrophils and lymphocytes were also increased in BALfluids. Of course these patients were not infected. The reason as to why these cells increased in BALfluids is unknown. Nieman-Pick's disease and Gaudier's disease are wellknown lipid storage diseases which involve pulmonary tissues. These diseases demonstrate miliary and reticulonodular shadows on chest roentgenography, and morphologically pulmonary interstitial lesions with foamy macrophages, but no foreign body granuloma formation (17). These diseases and CTX have been classified as lipid storage diseases, but the radiological and pathological findings are different. The pathomechanism of pulmonary lesions in CTXwas suggested to be similar to that in these diseases. Further investigation should be performed to clarify the detailed pathomechanism of pulmonary disorders in CTX.
